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Abstract The amount of copper in natural ecosystems is

steadily increasing, due to human activities. It accumulates

in plants, posing a threat to herbivores. In polluted areas the

population density of small rodents is observed to be lower.

The decline in rodent numbers may be caused by increased

mortality or diminished fertility. This study examined the

effect of copper on the reproductive activity of the bank

vole (Myodes glareolus), a small rodent which during

foraging often wanders into fields where it might be

exposed to pollution. The animals were treated with solu-

tions of 0, 150 or 600 ppm Cu. After 12 weeks of exposure

the quality and quantity of the male’s sperm was tested. To

assess morphological development we compared the

experimental groups for body weight, the weight of the

male’s testes and accessory sex glands, the female’s uterus,

and the number of matured ovary follicles in tested

females. At both doses, copper administration led to lower

sperm count and caused sperm head anomalies. The higher

dose compromised sperm tail membrane integrity, viability

and motility. No effect of copper on morphological

development was observed in males, and only the lower

dose increased testes weight. In females the higher dose

had a negative effect on morphological development, and

the lower dose increased uterus weight. No effect of copper

on ovarian follicle number was found. For the first time, the

morphology of the most typical ovarian follicles of the

bank vole is presented.
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Introduction

Pollution of the natural environment may lead to irrevers-

ible changes in biodiversity, especially in developed

countries (Franssen 2009; Das and Khangarot 2011;

Davidson et al. 2011; Helmfrid et al. 2012; Satta et al.

2012; Ficken and Byrne 2013). Both an excess and an

insufficiency of trace elements can affect an organism’s

homeostasis (Linder 2001; Stern 2010). The liver and in

some instances the kidney are primary targets of repeated-

dose toxicity (Hébert et al. 1993; Aburto et al. 2001). Their

cells can store significant amounts of metal ions without

any damage to the organism (Linder 2001). In extreme

cases excessive intake of elements leads to cell and organ

damage and disruption of their functions (Evans and

Abraham 1973; Amiard-Triqut et al. 1986; Nikolov et al.

2010).

Copper of both natural and anthropogenic origin is

present in natural ecosystems (Spatari et al. 2002). The

main artificial sources are mining, metal ore smelting, brass

production, galvanization, burning of fossil fuels and

excessive use of plant protectants that contain metals (Al-

loway et al. 1999; Sheffield et al. 2001). Plants growing on

contaminated soil may accumulate substantial concentra-

tions of different metals and then be ingested by herbivores

(Wijnhoven et al. 2007).

Copper, one of the physiological trace elements, can

affect an organism’s homeostasis, especially because it is

an important oxidative stress factor (Galhardi et al. 2004)

and as a divalent metal can bind with ERa receptors

(Martin et al. 2003). Copper is also an integral part of

several enzymes such as ferroxidase, cytochrome oxidase

and superoxide dismutase (Friberg et al. 1986). The esti-

mated minimum requirement for both immature and adult

mice is 6 mg Cu/kg diet (Committee on Animal Nutrition
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SoLAN 1995) and for rats from 5–8 to 12 mg/kg diet

(Lyubimov et al. 2004). In rats, testis weight was lower,

spermatozoa became less mobile and the counts of dam-

aged and dead sperm increased after intraperitoneal injec-

tion of high concentrations of copper (Lyubimov et al.

2004). Impala males (Aepyceros melampus) with high

copper levels in plasma had high amounts of spermatozoa

showing vacuolization in the neck region (Ackerman et al.

1999). As compared to normozospermic men, Cu in semen

plasma was higher in men with reproductive dysfunctions

(Eidi et al. 2010). Copper treatment caused prolificacy in

sheep (Murawski et al. 2006). All these findings suggest

that copper can interfere with endocrine homeostasis and in

consequence may induce male reproductive system disor-

ders and lower the quality and quantity of sperm cells.

Our knowledge of the impact of increased copper doses

on physiological processes in wild-living rodents, includ-

ing reproduction, is limited. At the same time, reduction of

rodent population density is widely observed in industrial

districts (Kataev et al. 1994; Dmowski et al. 1998; Shef-

field et al. 2001). There are no data concerning whether the

decrease is due to increased mortality or to altered repro-

ductive ability. We used the bank vole (Myodes glareolus)

as a model species in research addressing that question.

Our department’s bank vole breeding program uses

stock originating from wild-caught animals. The bank vole

is a forest species living mostly in mixed forests with rich

undergrowth, thickets, meadows and forest gaps. While

foraging they often wander into fields where they can be

exposed to metal-contaminated plants and water. In areas

near heavy metal smelters, leaves of garden sorrel (Rumex

acetosa) accumulate copper at an average level of 601 mg/

kg dry matter and sometimes spiking up to even 1102 mg/

kg dry matter (Tang et al. 1999). The average amount of

copper in various plants from polluted areas is about

150 ppm (Kabata-Pendias and Pendias 1999).

We investigated the effects of copper on small rodent’s

reproductive abilities by administering doses correspond-

ing to different environmental levels of contamination: a

basal dose (Cu I: 150 mg), elevated dose (Cu II: 600 mg)

and control dose (C: 0 mg). The working hypothesis was

that we would find a copper-mediated decline in the

reproductive abilities of both female and male bank voles.

To determine the impact of copper on bank vole male’s

reproductive abilities we compared their body weight and

the weight of testes and accessory sex glands between

experimental groups. We also examined epididymal sperm

quantity and quality, and analyzed the histological mor-

phology of testes obtained from the three experimental

groups. To determine the impact of copper on bank vole

female’s reproductive abilities we compared their body

weight and uterus weight between treatment groups, and

made histological slides of ovaries to determine the number

and type of matured follicles. We also determined the

average size and depict the morphology of matured folli-

cles, which has not been done previously in this species.

Materials and methods

Animals

The bank voles (M. glareolus Schreber, 1780) came from

the laboratory colony of the Institute of Environmental

Sciences, Jagiellonian University, Krakow. The original

stock was obtained in 1976 from the Mammal Research

Institute of the Polish Academy of Sciences (Białowie _za)

and is maintained as an outbred stock colony according to

the system described by Green (1966). Briefly, each gen-

eration consists of at least 22 breeding pairs; the male and

female of each mating pair do not share parents or grand-

parents. This breeding system ensures the heterogeneity of

the colony. The animals are housed in polyethylene cages

(40 9 25 9 15 cm) under a 14 h photoperiod (7 am–9 pm

light, 9 pm–7 am dark) at 21 ± 1 �C and 60 % humidity.

Wood shavings are provided as bedding material, changed

once a week. Standard pelleted chow for laboratory rodents

(Labofeed H, Kcynia) and liquid in the form of copper

solutions are available ad libitum.

For the study, at 19–20 days of age the weanlings were

separated from their parents, and at 4 weeks of age 3–5

individuals were placed in same-sex cages. Then both

females and males were randomly divided into three

experimental groups, each consisting of 12 males and 12

females. The groups were treated with different solutions

for 12 weeks.

Experimental groups

Cu I—(150 ppm dose): copper sulphate(II) 5 hydrate

(CuSO4�5H2O) AR purity grade (POCH) at concentration

of 150 mg Cu2?/l (75 mg Cu2?/kg body mass/day).

Cu II—(600 ppm dose): copper sulphate(II) 5 hydrate

(CuSO4�5H2O) AR purity grade (POCH) at concentration

of 600 mg Cu2?/l (300 mg Cu2?/kg body mass/day).

C—(0 ppm dose): deionized water (control).

Males

Body and organ weight

After cervical dislocation, males were weighed, after which

paired testes, seminal vesicles and coagulation glands were

dissected out and weighed (the latter two together).
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Epididymal sperm evaluation

Preparation of epididymal sperm suspension After

applying gentle pressure to each cauda epididymis with

forceps, allowing epididymal sperm to pass to the vasa

deferentia, the content of the latter was suspended in

100 ll M2 medium (Sigma-Aldrich, Germany) and

allowed to disperse for two minutes.

Epididymal sperm concentration A 1:20 dilution of epi-

didymal sperm suspension with M2 medium was prepared,

and the number of live sperm cells in 100 squares of a

hemocytometer (B}urker chamber) was counted under a

light microscope at 400x. A coverslip was placed on the

sample to restrict spermatozoa movement. The average of

two sperm counts was taken as the sperm concentration

estimate, as described by Styrna and Krzanowska (1995)

Kruczek and Styrna (2009).

Epididymal sperm motility Spermatozoa motility was

assessed in a hemocytometer. The percentage of motile

sperm (i.e. sperm showing progressive movement) among

200 counted spermatozoa from each male was recorded

(Seed et al. 1996).

Epididymal sperm tail membrane integrity—water test

The integrity of the epididymal sperm tail membrane was

determined by the hypoosmotic swelling test. The procedure

was the same as used for mice and bank voles (Styrna and

Krzanowska 1995; Styrna et al. 2003; Kruczek and Styrna

2009): 20 ll epididymal sperm suspension (as described in

‘‘Preparation of epididymal sperm suspension’’ section) was

mixed with 120 ll distilled water on a clean glass slide.

Then the mixture was gently covered with a coverslip and

incubated for 5 min at 37 �C before being examined. The

percentage of spermatozoa showing swelling among 200

counted spermatozoa from each male was recorded.

Epididymal sperm viability—eosin-Y test The test reflects

the structural and morphological integrity of the sperm

membrane (Walczak et al. 1994; Styrna and Krzanowska

1995). To assess sperm viability, 20 ll epididymal sperm

suspension (as described in ‘‘Preparation of epididymal

sperm suspension’’ section) was mixed with 20 ll 0.2 %

eosin-Y, incubated for 10 min at 37 �C and smeared on a

slide. The percentage of spermatozoa with unstained sperm

heads (viable spermatozoa) among 200 counted sperma-

tozoa from each male was recorded.

Epididymal spermatozoa with a cytoplasmic droplet In

this procedure, 20 ll epididymal sperm suspension (as

described in ‘‘Preparation of epididymal sperm suspen-

sion’’ section) was transferred to a slide and gently covered

with a coverslip. The percentage of spermatozoa with a

cytoplasmic droplet among 200 counted spermatozoa

showing progressive movement was recorded from each

male (Kruczek and Styrna 2009).

Epididymal sperm morphology For morphological

examination, a small drop of epididymal sperm suspension

was smeared on a slide, air-dried, fixed in acetic alcohol

(absolute alcohol:glacial acetic acid, 3:1) and stained with

Papanicolau to determine the proportions of different

sperm head anomalies.

Head anomalies were classed as follows (Kruczek and

Styrna 2009):

Normal—Sperm with proper head morphology;

Class 1—lack of the top part of the hook and anomalies

in the base of the head;

Class 2—lack of the hook as well as serious anomalies

in the proximal part of sperm head; possible changes in the

base of the head.

Spermatogenic index

Isolated testis were fixed in formalin, dehydrated in an

ethanol series, infiltrated and embedded in paraffin, cut to

7 lm thickness, then stained using hematoxylin-eosin and

classified by light microscopy for functional state accord-

ing to the spermatogenic index (Kruczek 1986). The

spermatogenic index (values from 5 to 0) gives a measure

of seminiferous epithelium activity, with 5 representing

complete spermatogenesis with abundant sperm production

and 0 being the presence of only Sertoli cells and sper-

matogonia; values from 1 to 4 represent incremental

changes in the spermatogenesis process. The spermato-

genic index was determined from 20 seminiferous tubules

situated in the center of the testicular cross section.

Females

Body and organ weight

After cervical dislocation, females were weighed, after

which the uterus was dissected out and weighed.

Assessment of ovarian follicles

Isolated ovaries were fixed in aqueous Boinea’s solution,

dehydrated in an ethanol series, infiltrated and embedded in

paraffin, cut to 6 lm thickness, then stained with hema-

toxylin-eosin and analyzed by light microscopy to classify

the different stages. Follicles in ovaries from females of all

experimental groups were classified as type 6 (diameter

355.06–417.99 lm), type 7 (diameter 526.58–594.67 lm)

or type 8 (diameter 715.78–867.39 lm) according to
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Pedersen and Peters (1968). Photographs of the most typ-

ical follicles in the control group (Fig. 1) were taken by

using Nikon Eclipse 80i microscope. Follicle diameter was

determined using ImageJ software. The sum of each type of

follicle in an individual was recorded.

The researchers who made the counts, examined sperm

and testis tissue and classified the ovaries were blind to the

experimental group during those procedures.

Statistical analysis

To obtain linear dependence, angular transformation was

applied to percentage results. Means were compared by

one-way ANOVA and the significance of differences was

determined by the post hoc Tukey test. All results are

presented as mean ± SE, and p \ 0.05 is taken to indicate

significance. For clarity of presentation the bars in the

figures reflect percentages. All calculations were done

using Statistica PL ver. 10.0.

Ethical standards

The experimental procedures for this study were approved

by the Regional Committee on Animal Experimentation in

Krakow (Protocol No. 36/2009) acting in compliance with

the European Communities Council Directive of 24 Nov.

1986 (86/609/EEC).

Results

Effect of copper on male’s reproductive traits

Organometric parameters

The results summarized in Table 1 show that copper did

not affect the male’s body weight or accessory sex gland

weight but did affect testes weight. Testis weight was

highest in males treated with 150 ppm copper (Cu I), sig-

nificantly higher than in control males given water (C) and

in males treated with 600 ppm copper (Cu II)

(F(2,33) = 4.36, p \ 0.05).

Epididimal sperm evaluation

As shown in Fig. 1, the sperm count was highest in males

from the control group (C), significantly higher than in males

from groups Cu I and Cu II (F(2,33) = 23.80, p \ 0.01).

There were also significant differences in sperm counts

between Cu I and Cu II. The counts were lowest in males

exposed to the highest copper concentration (Cu II) (Fig. 1).

Figure 2 shows that the percentage of swollen sperm cells

was highest in males exposed to 600 ppm, the highest copper

concentration (F(2,33) = 10.69, p \ 0.01). There were no

significant differences in the percentage of swollen sperm

cells between males treated with water and those adminis-

tered 150 ppm copper. Males exposed to 600 ppm copper

showed the lowest percentages of viable (F(2,33) = 8.44,

p \ 0.01) and motile (F(2,33) = 12.60, p \ 0.01) sperm cells.

There were no differences in the percentages of viable and

motile sperm cells between the control males and those given

150 ppm copper. There were no significant differences in the

number of immature sperm cells with droplet between the

treatment groups (F(2,33) = 0.02, p–NS) (Fig. 2).

The proportion of abnormal sperm heads was lowest in

the control males, and increased significantly with the
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Fig. 1 Sperm counts in semen of bank voles males treated with two

copper solutions (Cu I—150 ppm, Cu II—600 ppm) and deionized

water (C—0 ppm). Means bearing the same letter differ significantly;

A, B—p \ 0.01 (mean ± SE)

Table 1 Organometric

parameters of bank vole males

and females treated with two

copper solutions (Cu I—

150 ppm, Cu II—600 ppm) and

deionized water (C—0 ppm)

Means bearing the same letter

differ significantly
a,b p \ 0.05; (mean ± SE)

Experimental group

C Cu I Cu II F(2,33) p

Males

Body wt. (g) 27.48 ± 1.12 30.34 ± 0.75 27.07 ± 1.37 2.55 NS

Testis wt. (mg) 763.17a ± 33.38 876.67ab ± 29.95 766.83b ± 33.34 4.36 \0.05

Accesory sex glands wt. (mg) 351.92 ± 25.09 372.67 ± 46.81 360.33 ± 27.86 0.09 NS

Females

Body wt. (g) 23.50a ± 1.08 21.29 ± 0.63 20.11a ± 0.44 5.04 \0.05

Relative uterus wt. (mg) 25.75a ± 4.49 39.59a ± 3.57 31.85 ± 3.18 3.36 \0.05
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copper concentration (Table 2) (F(2,33) = 74.36, p \ 0.05).

There were significant differences in the proportion of both

classes of abnormal sperm heads between all the treatment

groups.

Spermatogenic index

The spermatogenic index decreased under exposure to

copper (Table 2). It was highest in control males; in that

group it was significantly higher than in males exposed to

150 ppm and 600 ppm copper (F(2,33) = 188.27,

p \ 0.01). The index was significantly higher in the males

of group Cu I than in those of Cu II (Table 2).

Effect of copper on female’s reproductive traits

Organometric parameters

As shown in Table 1, female body weight was significantly

higher in the control group than in those exposed to

600 ppm copper (F(2,33) = 5.04, p \ 0.05). To correct for

significant differences in female body weight we analyzed

relative uterus weight: it was highest in females treated

with 150 ppm copper and was significantly higher than in

control females (F(2,33) = 3.36, p \ 0.05). There were no

significant differences in relative uterus weight between Cu

I and Cu II females, that is, between those exposed to

150 ppm and 600 ppm copper. Nor were there differences

in relative uterus weight between control females and those

exposed to 600 ppm (Table 1).

Ovarian follicles

There were no differences in the number of ovarian folli-

cles (Fig. 3) (types 6, 7, 8), between the experimental

groups (F(2,33) = 0.38, p—NS) (Table 3).

Discussion

In this study we examined the effects of copper exposure

on the reproductive abilities of bank voles (M. glareolus) of
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Fig. 2 Proportion of sperm cells by characteristic (swollen, viable,

motile, with droplet) for bank voles males treated with two copper

solutions (Cu I—150 ppm, Cu II—600 ppm) and deionized water

(C—0 ppm). Means bearing the same letter differ significantly; A,

B,C, D, E, F—p \ 0.01 (mean ± SE)

Table 2 Spermatogenic index and proportion of spermatozoa head abnormalities in bank vole males treated with two copper solutions (Cu I—

150 ppm, Cu II—600 ppm) and deionized water (C—0 ppm)

Experimental group

C Cu I Cu II F(2,33) p

Spermatogenic index 4.75AB ± 0.05 3.99AC ± 0.09 2.66BC ± 0.08 188.27 \0.01

Abnormalities total 0.22AB ± 0.01 0.41AC ± 0.02 0.54BC ± 0.03 74.36 \0.01

Class 1 0.13AB ± 0.02 0.03AC ± 0.01 0.36BC ± 0.01 71.16 \0.01

Class 2 0.15AB ± 0.02 0.38A ± 0.02 0.31B ± 0.05 12.22 \0.01

Means bearing the same letter differ significantly
A,B,C p \ 0.01; (mean ± SE)
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both sexes. We analyzed morphological development as

well as changes in reproductive traits as indicators of the

potential effects of copper toxicity.

Our knowledge of the impact of increased copper con-

centrations on morphological development in rodents is

limited. Stern (2010) suggested that the activity of copper

is dose-dependent. For the reproductive system our data

give partial confirmation of this: increased testes weight in

males and increased uterus weight in females at the lower

dose (150 ppm) of copper, with no such effects at the

higher dose (600 ppm). The basis of dose-dependent cop-

per activity may lie in the endocrine metabolism of copper

ions, especially in estrogens. In research using human

breast cancer cell line MCF-7, Martin et al. (2003) sug-

gested that divalent metals like copper activate ERa
through the formation of a complex within the hormone-

binding domain of the estrogen receptor. One of the main

functions of estrogens is to promote the growth and dif-

ferentiation of female sexual organs and other tissues

related to reproduction (Clark et al. 1992). Estrogen is also

thought to have a regulatory role in male reproductive

processes; estrogens such as estradiol (E2) modify cell

function in rodents by binding to the high-affinity estrogen

receptor ERa in Leydig cells (Sierens et al. 2005). The

absence of ERa was reported to have adverse effects on

spermatogenesis and stereidogenesis (Akingbemi 2005).

ER activation by copper may also explain the differences in

testes and uterus weight in our study; the lower dose

(150 ppm) of copper we used presumably saturated the

ERa receptors and in consequence accelerated testis and

uterus growth, while the higher dose (600 ppm) may have

been too toxic to exert the same effect.

In this study we observed no change in accessory sex

gland weight in males after administration of copper. In

contraception experiments on mature male albino rats

(Ahsan et al. 1976) found no change in gland weight after

implanting copper wires intravasally, and noted decapita-

tion of most of the spermatozoa as one outcome of the

procedure. In immature Wistar rats, (Chattopadhyay et al.

2005) found that accessory sex organ weight significantly

declined under treatment with 2000 ppm copper and that it

increased in the 1000 ppm treatment reflecting an imbal-

ance in the levels of hormones involved in stereidogenesis.

Their research used doses several times higher than in our

work and delivered them intraperitonally, perhaps

explaining the discrepancy between their results and ours.

We found body weight loss in females treated with

600 ppm copper solution. In rats and mice, doses of

4,000–16,000 ppm cupric sulfate delivered in feed are

hepatic and renal toxicants and induce anemia, and are

correlated with decreases of body weight in both sexes

(Hébert et al. 1993). We found no body weight changes in

bank vole males or females under both doses employed.

Other work suggests that high dietary copper elevates food

intake and promotes weight gain by increasing neuropep-

tide Y (NPY) (Pau et al. 1989).

The bank vole is a small rodent with a promiscuous

mating system. In such a system the quality and quantity of

sperm cells is critical to reproductive success. In polluted

areas the level of environmental contamination by copper

Fig. 3 Ovarian follicles of bank vole females from control group

Table 3 Number of ovarian

follicles in bank vole females

treated with two copper

solutions (Cu I—150 ppm, Cu

II—600 ppm) and deionized

water (C—0 ppm);

(mean ± S.E.)

Experimental group

Follicles C Cu I Cu II F(2,33) p

Total 12.75 ± 1.62 13.00 ± 2.0 13.41 ± 1.5 0.38 NS

Type 6 5.00 ± 0.89 5.92 ± 1.0 5.00 ± 0.83 0.34 NS

Type 7 3.58 ± 0.56 3.00 ± 0.95 4.67 ± 0.4 1.57 NS

Type 8 4.17 ± 0.76 4.08 ± 0.68 3.75 ± 0.84 0.83 NS
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should be a limiting factor in male’s reproductive success.

Experiments in vitro or on laboratory animals have sug-

gested that excess copper is highly toxic to the male

reproductive system (Roychoudhury et al. 2008; Eidi et al.

2010). In our experiments copper reduced the quantity and

quality of sperm cells and affected seminiferous epithelium

development. Copper can cause oxidative stress (Galhardi

et al. 2004), which in the reproductive system is thought to

affect the fertilizing abilities of sperm (Aydemir et al.

2006). Ng and Liu (1990) suggest that copper exerts a

direct toxic effect on steroid-producing cells in the adrenal

gland and testes. The drop in the sperm cell counts in our

study might be an effect of testosterone overload. Testos-

terone in higher quantities suppresses sperm production as

well as secretion of hypothalamus hormones involved in

stereidogenesis (Matsumoto et al. 1986). In rats, accumu-

lation of Cu2? in the adrenal glands produced a biphasic

response in the concentration of the mitochondrial

cytochrome P-450, reflecting disordered steroidogenesis

(Veltman and Maines 1986). Oster and Salgo (1977) sug-

gested that copper is involved in suppression of sper-

matogenesis in mammals but did not offer a morphology-

based or chemistry-based explanation.

Xu et al. (1985) suggested that the major cause of

infertility after injection of copper into the rat caput epi-

didymis was a direct inhibitory effect of copper on and that

damage to the seminiferous and epididymal epithelium

may have contributed. Weak motility is often accompanied

by sperm head anomalies, which are attributed to factors

that co-act on both spermatozoa motility and morphology

(Ma et al. 2006). Our results clearly show an increase in

abnormal sperm head morphology with the increase in

copper concentration. Schmid et al. (2013) identified dif-

ferences in element concentrations between sperm and

seminal plasma; the higher copper concentration in semen

was quantitatively associated with poorer semen quality

and increased frequency of genomic sperm defects. The

significantly lower proportion of sperm cells with proper

tail membrane structure (not swollen) in our experiment

might be explained by copper’s oxidative action, which

may have contributed to the degradation of membrane

structure (Galhardi et al. 2004). Infertile men have higher

levels of copper and reactive oxygen species in their

seminal plasma than fertile men do (Aydemir et al. 2006),

but this potentially oxidation-related disruption did not

alter the sperm maturation process in bank vole males.

Knowledge of the effect of a copper excess in females is

limited but a number of studies show the effect of a copper

deficiency in females (Howell and Hall 1969; Keen et al.

2003). In female rats, physiological systems protect against

oxidative stress under copper deficiency, and it is suggested

that this is due to the protective action of estrogens (Bureau

et al. 2003). Fevold et al. (1936) first suggested that

ovulation could be induced by intravenous injection of

copper salts in rats. Later, Hazum (1983) demonstrated

in vitro that copper ions stimulate GnRH and LH in

immature rats, and this was confirmed by Kochman et al.

(1997) and Michaluk and Kochman (2007). Those reports

suggest that copper might also affect ovarian development,

but we found no changes in ovarian follicle morphology.

Work by Kozlowski et al. (1990) indicates that copper does

not play a role in ovulation processes in rats. In laboratory

research on rabbits (Hiroi et al. 1965; Suzuki et al. 1965,

1972; Tsou et al. 1977) and ewes (Murawski et al. 2006),

administration of copper salts led to ovulation through an

effect on the hypothalamus, possibly suggesting changes in

ovarian morphology. It seems that the doses of copper

available to rodents in natural ecosystems do not harm the

female’s reproductive ability, or that the females’ detoxi-

fication system effectively removes the excess of this trace

element.

In this work, doses of copper corresponding to levels

found in the environment clearly compromised the repro-

ductive abilities of bank vole males, but the effect on

females was not so evident. Levengood and Heske (2008)

did not detect any changes in the reproductive activity of

small mammals from areas contaminated with copper and

zinc. Nevertheless, copper does accumulate in different

tissues (Appleton et al. 2000; Martiniakova et al. 2010,

2011, 2012) and can cause DNA damage (Yamashita et al.

1998; Linder 2001; De Olivera et al. 2012). In view of this,

in further studies we will examine the impact of copper

intake on offspring, and specifically its accumulation in

different tissues and its effect on sexual maturation.
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